One of the hallmarks of REM sleep is muscle atonia. Here we report extended epochs of muscle atonia in nonREM sleep (MAN). Their extent and time course was studied in a protocol, which included a baseline night, a daytime sleep episode with or without selective REM sleep deprivation, and a recovery night. The distribution of the latency to 
Introduction
The characteristics of human REM sleep include three physiological components:
Desynchronized EEG pattern, muscle atonia with phasic twitches, and rapid eye movements. In animals, the occurrence of ponto-geniculo-occipital (PGO) waves is an additional phenomenon that is typical for REM sleep (16) .
The various REM sleep components do not always appear in synchrony. Marked dissociations occur during REM sleep parasomnias and as a consequence of pharmacological treatment (see (13) for a recent review). Thus cataplexy may represent an inappropriate intrusion of REM sleep atonia into wakefulness, while a loss of REM sleep atonia may be induced by antidepressant medication. Drug-induced dissociations of REM sleep components have been also observed in animals. For example, serotonin depletion by parachlorophenylalanine causes PGO spikes to occur in all vigilance states, and not only in REM sleep (6) .
During physiological sleep the REM sleep components do not always occur synchronously. In early human studies, submental muscle atonia was reported to precede the typical EEG changes of REM sleep, and to persist during the initial part of the subsequent NREM sleep episode (4) . These authors have attempted to quantify this phenomenon by the reset rate of the integrated EMG signal. They observed that the drop of the EMG level began about 5 min before the onset of a REM sleep episode, and that a gradual increase occurred in the 20-min interval following the REM sleep episode.
This gradual rise of the tonic EMG level during a NREM sleep episode was also reported by Brunner et al. (5) who used the statistical variance of the digitized signal for quantifying the EMG. These authors found that unlike in the later episodes, a decrease of the EMG level occurred in the first NREM sleep episode. The regulatory aspects of 5 sleep were not considered in these previous studies. The present analysis is based on a data set that includes a selective REM sleep deprivation period as well as sleep at different circadian phases. It was prompted by the recognition of episodes of muscle atonia in NREM sleep (MAN). This raised the question whether they represent REM sleep components occurring outside REM sleep and whether they could serve as a marker of homeostatic and circadian influences.
Method Subjects and Protocol
Twelve male subjects (mean 24±0.17years), recruited from the student population, participated in a selective REM sleep deprivation study (19) . The work fully conforms to the guiding principles for research involving animals and human beings (American Physiological Society). Only 11 subjects were analyzed (see Statistics). The recruitment, screening, subject selection and procedural details are described in the companion paper (19) . In brief, a two-session protocol was used. The first session consisted of baseline sleep (23:00-7:00h; B1), a waking episode of 24 h followed by daytime sleep (7:00-15:00h; E1), and recovery sleep (23:00-7:00h; R1). During E1 subjects were repeatedly awakened to prevent REM sleep. The second session served as a control for the first session, and had the same structure (B2, E2, R2) except that daytime sleep (E2) was undisturbed. Total sleep time (TST) of E2 (consolidated sleep) was restricted to match individually TST of E1. 
Polygraphic Recordings
The electroencephalogram (EEG), electrooculogram (EOG), submental electromyogram (EMG) and electrocardiogram (ECG) were recorded by a polygraphic amplifier (PSA24, Braintronics Inc., Almere, The Netherlands), digitized and transmitted via a fiber-optic cable to a personal computer. Data were sampled with a frequency of 512 Hz, digitally filtered (EMG: band-pass FIR filter, -3 dB points at 15.6 and 54 Hz), and stored on a PC with a resolution of 128 Hz. For further details see the companion paper (19) . For the ECG, consecutive RR intervals (time interval between consecutive R-waves) and one value of heart rate every 20 s (beats per minute, as calculated from the mean RR interval) were stored. An R-wave was detected whenever the rectified first derivative of the ECG exceeded 40% of the maximal value.
Vigilance states were visually scored for 20-s epochs according to standard criteria (15) . 
Muscle atonia
Epochs of muscle atonia were identified when the variance of the EMG (i.e. total power) was below the 90 th percentile level of the EMG variance in REM sleep epochs (Fig. 1 ).
The EMG variance was calculated for consecutive 20-s epochs. Since the EMG was occasionally contaminated by ECG artifacts, 30 data points before and after the occurrence of an R-wave (i.e. ± 0.23 s) were excluded for calculating the variance. The One subject was excluded from the analysis because both baseline recordings showed very low sleep efficiency (<75%). Thus 11 subjects contributed to the present analysis.
Due to technical problems one recording during selective REM sleep deprivation (E1) was lost. Due to the loss of an EMG electrode the EMG of one recording during R2
could not be analyzed. In three subjects the first baseline recording (B1) was not used due to sleep efficiency below 80% (2 subjects) and stomach problems (one subject).
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These recordings were either not included in the analysis ( Fig. 2 and 3 ) or were replaced with B2 for performing rANOVAs (Tab. 1).
Results

Muscle tone in NREM sleep and REM sleep
In addition to the typical low EMG level in REM sleep, epochs with muscle atonia in NREM sleep (MAN) were observed ( 
Atonia latency and REM sleep latency
The latency to the first appearance of MAN showed a bimodal distribution with modes at 2.5 min and 42.5 min and a trough between 10 and 20 min (Fig. 3) . The atonia latencies showed a bimodal distribution with the first mode centered at sleep onset and the second mode situated in the proximity of REM sleep onset. Two sleep onset REM (SOREM) sleep episodes occurred (one in E2 and one in R1; Tab. 1), and one skipped first REM sleep episode was observed (in B2).
The latencies for the different experimental conditions are indicated in Table 1 (17) .
The distribution of MAN within the first NREM sleep episode was of particular interest, since it supports the presence of an early 'REM sleep window'. Brunner et al. (5) reported a gradual decline of the EMG level from sleep onset to the first occurrence of REM sleep. In the present study a first mode of atonia was seen in the first two bins (Fig. 2) . The bimodal distribution was also evident from the atonia latencies (Fig. 3 ). An early 'REM sleep window' close to sleep onset has been postulated previously and was incorporated into a model (1) . Both, the distribution of MAN within NREM sleep episodes and the distribution of MAN latency suggests that it may reflect a REM sleep process.
In previous studies, the level of the EMG was studied only under baseline conditions.
We report for the first time the response of an EMG variable to a circadian and homeostatic challenge. When sleep was scheduled to begin in the morning hours after an extended waking episode, the initial level of MAN was three times higher than during nighttime sleep. In the early morning hours, the circadian REM sleep propensity is known to be high (7) . Therefore the high level of MAN could reflect REM sleep propensity. Interestingly, REM sleep itself was not elevated at this time. This could be due to the fact that a prolonged waking episode enhances NREM sleep propensity, which during sleep gives rise to a high initial NREM sleep intensity as reflected by EEG SWA ((19), Fig. 3 ). This in turn is known to exert a suppressing action on REM sleep.
Thus MAN may be a more faithful marker of REM sleep propensity than REM sleep itself. Let us consider in this light the response to a selective REM sleep deprivation.
In the initial interval of nighttime recovery sleep (R1) MAN was markedly enhanced and then declined (Fig. 4) . This pattern was seen only after REM sleep deprivation. When the nighttime sleep episode followed upon uninterrupted daytime sleep (R2), MAN was at a uniform level throughout the night similar to baseline.
In contrast to the manifestation of REM sleep itself, MAN seems to be little influenced by changes in NREM sleep propensity. Neuropharmacological studies are consistent with the notion that atonia is a particularly sensitive marker of the REM sleep process.
Thus when carbachol was microinjected into pontine nuclei of the cat, only atonia was induced by low doses, whereas the full REM sleep pattern was elicited at larger doses (11, 16) . 
